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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims pri- 
ority of Japanese Patent Application No. 11-215601 filed 
on July 29, 1999. the contents being Incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0002] The present invention generally relates to 
semiconductor memory devices and methods for man- 
ufacturing the same, and more particularly to a semi- 
conductor memory device including a plurality of semi- 
conductor memory cells, sources of which are coupled 
to source lines, and a method for manufacturing such a 
semiconductor memory device. 

1 . Description of the Prior Art 

[0003] FIG. 1 shovjs an array of NOR flash memory 
cells MC of a conventional non-volatile semiconductor 
memory device. It is indispensable for a method of man- 
ufacturing the non-volatile semiconductor memory de- 
vice to scale 6own the NOR flash memory cells MC pro- 
vided thereon. 

[0004] As shown in FIG. 1, the NOR flash memory 
cells MC, which are transistors, are arrayed such that 
the transistors in each row have sources S coupled to 
a common source line SL and gates G coupled to a com- 
mon word line WL parallel to the common source line 
SL. Also, the transistors in each column have drains DR 
coupled to a common bit line BL. 
[0005] In addition, such a source line SL may be used 
to perform flash-erasing or the like. 
[0006] FIG. 2 is a cross-sectional diagram showing a 
configuration of the conventional semiconductor mem- 
ory device, taken along the source line SL of FIG. 1. In 
this diagram, reference numeral 1 denotes a silicon 
semiconductor substrate, 17 a CVD (Chemical Vapor 
Deposition) oxide film, 18 a BPSG (Boro-Phospho Sili- 
cate Glass) film, and 21 a field oxide film. 
[0007] As shown in FIG. 2, in order to scale down the 
semiconductor memory cells MC provided on the sem- 
iconductor substrate 1, the source tine SL is formed 
such that the field oxide film 21 Is formed on the silicon 
semiconductor substrate 1 by means of a LOCOS (local 
oxidation of silicon) element isolation process and is 
etched by means of a SAS (Self-Aligned Source) proc- 
ess after the gates G are formed, and a continuous im- 
purity diffusion region including source diffusion regions 
12 of the semiconductor memory cells MC (transistors) 
is formed as the source line SL on the silicon semicon- 
ductor substrate 1 . 

[0008] Next, a description will be given below of a 



method of using the SAS process to manufacture the 
NOR flash memory cells MC. by referring to FIG. 3 
through FIG. 7. 

[0009] FIG. 3 is a plan view partly showing a configu- 

5 ration of the conventional semiconductor memory de- 
vice including the NOR flash memory cells MC. 
[0010] FIGS. 4A through 4D are diagrams partly 
showing a cross-sectional configuration of the conven- 
tional semiconductor memory device, taken along a 

10 word line WL A-A in FIG. 3. 

[0011] As shown in FIG. 4A, on the silicon semicon- 
ductor substrate 1, a pad oxide film 2 with a thickness 
of approximately 25 nm Is formed by means of a thermal 
oxidation process, which may be performed at 900°C 

15 for example. On the pad oxide film 2, a silicon nitride 
film 3 with a thickness of approximately 170 nm is 
stacked by a Chemical Vapor Deposition (CVD) proc- 
ess. And then, by using lithography and etching tech- 
niques, the silicon nitride film 3 is patterned and etched 

20 so as to remain on element regions alone. 

[001 2] As shown in FIG. 4B, the silicon semiconductor 
substrate 1 is thermally oxidized at approximately 
1100''C by means of the silicon nitride film 3 serving as 
a mask, so that a LOCOS element isolation region 4 with 

25 a thickness of approximately 300 nm is formed. 

[0013] As shown in FIG. 4C, the silicon nitride film 3 
and the pad oxide film 2 are removed so that a tunnel 
insulation film 5 with a thickness of approximately 10 nm 
is formed on the silicon semiconductor substrate 1 by 

30 means of the themnal oxidation process, which may be 
perfonned at 900°C for example. After that, a polysilicon 
film 6 with a thickness of approximately 100 nm is 
stacked as a floating gate on the tunnel insulation film 
5 by means of the CVD process. And then, the polysili- 

35 con film 6 is patterned to form a striped pattern covering 
the element regions by means of the lithography and 
etching techniques. 

[0014] As shown in FIG. 4D, an ONO film 7 for com- 
bining capacitance of the floating gate and a control gate 

40 may be formed such that an oxide film with a thickness 
of approximately 10 nm is formed by means of the CVD 
process, a silicon nitride film with a thickness of approx- 
imately 10 nm is stacked on the an oxide film, and an 
oxide film with a thickness of approximately 4 nm is fur- 

45 ther stacked on the silicon nitride film by means of the 
thermal oxidation process which may be performed at 
950°C for example. 

[0015] After that, a polysilicon film 8 with a thickness 
of approximately 120 nm is fomied as the control gate 

50 by means of the CVD process. On the polysilicon film 8, 
a WSi film 9 with a thickness of approximately 150 nm 
is stacked. And further on the WSi film 9, a polysilicon 
film 10 with a thickness of approximately 50 nm is 
stacked. Furthermore, on the polysilicon film 10, a sili- 

55 con nitride oxide film 1 1 with a thickness of approximate- 
ly 100 nm is stacked, serving as an anti-reflection film 
at the time of resist patterning. 
[0016] FIGS. 5A through 5C are. on the other hand. 
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diagrams partly showing a cross-sectional configuration 
of the conventional semiconductor memory device, tak- 
en along a bit line (aluminum wire) D-D* in FIG. 3. 
[001 7] As shown in FIG. 5A, resist in a pattern extend- 
ing in a direction intersecting a pattern of the LOCOS 
element isolation region 4 shown in FIG. 3 is applied 
thereon (not shown), and by using the resist as a mask, 
the silicon nitride oxide film 11, the polysiltcon film 10, 
the WSi film 9, and the polysilicon film 8 are etched in 
order. 

[0018] Thereby, the word line WL connected to the 
control gate of the semiconductor memory cell MC is 
thus formed. After that, the ONO film 7 and the polysil- 
icon film 6 are etched by using the silicon nitride oxide 
film 11 as a mask, and thereby a stacked gate electrode 
is fomned. 

[0019] Then, by performing a self-aligned ion implan- 
tation for the stacked gate, impurities are implanted into 
the silicon semiconductor substrate 1. and a thermal 
process is performed half an hour in a nitrogen atmos- 
phere of, for example, approximately 900°C. Thereby, 
a source diffusion region 12 and a drain diffusion region 
13 are fomied. In addition, the above-mentioned Ion im- 
plantation is performed such that, for example, AS"*^ ions 
are accelerated with energy of 60 KeV and then are ir- 
radiated into the silicon semiconductor substrate 1 by a 
dose of 4 X 10^5 ions/cm2. 

[0020] As shown in FIG. 5B, a silicon oxide film 14 
with a thickness of approximately 100 nm is stacked 
thereon by means of the CVD process and then is 
etched back. Thereby, the silicon oxide film 14 becomes 
a side wall spacer. After that, in order to expose the 
source diffusion region 12 by means of the lithography 
technique, the resist covering the drain diffusion region 
13 is patterned and the LOCOS element isolation region 
4 shown in FIG. 3 is etched. 

[0021] Then, By implanting the As^ ions, which have 
been accelerated with the energy of 60 KeV, thereinto 
by a dose of 4 x 10^5 ions/cm^, and by performing the 
thermal process half an hour in the nitrogen atmosphere 
of, for example, 850°C, a continuous diffusion region 
connecting the source diffusion regions 12 of the semi- 
conductor memory cells MC Is formed as the source line 
SL. 

[0022] As shown in FIG. 5C, the silicon oxide film 17 
with a thickness of approximately 1 00 nm and the BPSG 
film 18 with a thickness of approximately 900 nm are 
stacked thereon by means of the CVD process. After 
that, a contact hole 19 is formed, and an aluminum wir- 
ing film is stacked on the BPSG film 18 by using a spat- 
tering process. Then, the aluminum wiring film Is pat- 
terned into the bit line BL. 

[0023] After the previously described steps are com- 
pleted, metal wiring is carried out, which Is the same as 
that of a common MOS integrated circuit, and a surface 
protecting insulation film is formed. Accordingly, the 
semiconductor memory device is thus manufactured. 
[0024] FIG. 6 is a cross-sectional diagram showing a 



configuration of the semiconductor memory device, tak- 
en along a line B-B' in FIG. 3. 

[0025] As shown In this diagram, on the silicon semi- 
conductor substrate 1 , the LOCOS element isolation re- 
5 gion 4 and the drain diffusion region 13 are formed, and 
the silicon oxide film 17 and the BPSG film 18 are 
stacked thereon. After that, the contact hole 19 is 
opened, and the aluminum wiring film is formed as the 
bit line BL. 

10 [0026] FIG. 7 is a cross-sectional diagram showing a 
configuration of the semiconductor memory device, tak- 
en along a line E-E' in FIG. 3. 

[0027] As shown In this diagram, the LOCOS element 
isolation region 4 and the source line SL are formed on 

15 the silicon semiconductor substrate 1. The polysilicon 
film 8, the WSi film 9, the polysilicon film 10, and the 
silicon nitride oxide film 11 are stacked on the LOCOS 
element isolation region 4 in order. And the silicon oxide 
film 14 is formed as the side wall spacer. Further, the 

20 silicon oxide film 17 and the BPSG film 18 are stacked 
thereon in order, 

[0028] There is, however, a limitation in the LOCOS 
element isolation process in terms of scaling down the 
element isolation regions. In recent years, a trench ele- 
25 ment isolation process performed by etching a semicon- 
ductor semiconductor substrate has been become pop- 
ular, which is required to be able to form elements the 
same as those formed by the LOCOS element isolation 
process, 

30 [0029] FIG. 8A is a cross-sectional diagram along a 
line C-C of FIG. 3, showing the source line SL of the 
NOR-type flash memory manufactured by the conven- 
tional manufacturing method that makes use of the 
trench element isolation process. 

35 [0030] As shown in FIG. 8A, it is difficult for the trench 
element isolation process to form the source line SL. 
Specifically, in the case of employing the LOCOS ele- 
ment isolation process shown by FIG. 2. since parts 21 
formed by etching element isolation regions on the sili- 

40 con semiconductor substrate 1 have gently Inclined sur- 
faces, the source line SL can be easily formed by the 
ion implantation. On the other hand, in the case of em- 
ploying the trench element isolation process, since parts 
Mt, which are formed by etching the element Isolation 

45 regions on the silicon semiconductor substrate 1 by 
means of the SAS process, have sharp steps, the im- 
purities cannot be effectively introduced into the steps 
by means of anisotropic ion Implantation, and the source 
line SL cannot be formed. 

50 [0031] As a result, the conventional manufacturing 
method cannot be used to manufacture the semicon- 
ductor memory device including the NOR-type flash 
memory cells in the case of employing the trench ele- 
ment Isolation process. 

55 [0032] FIG. 8B is a cross-sectional diagram showing 
a non-volatile memory device formed by using the 
trench element isolation process, which Is disclosed in 
Japanese Laid-open Patent Application No. 2-833030. 
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[0033] As shown in this diagram, a CVD tungsten lay- 
er is formed like a bridge built over n-type source diffu- 
sion regions of semiconductor memory cells. Since the 
element isolation regions and the n-type source diffu- 
sion regions are formed unevenly, there brings about a 
problem in that resistance of the CVD tungsten layer be- 
comes high on the element isolation regions and the 
breaking thereof may occur in the most case. 
[0034] As a result, it is difficult to form the source line 
SL with high-reliability and low-resistance by means of 
the above-mentioned prior art. 

SUMMARY OF THE INVENTION 

[0035] It is a general object of the present invention 
to provide a semiconductor memory device and a meth- 
od for manufacturing the same, in which the above-men- 
tioned problems can be eliminated. 
[0036] Another and a more specific object of the 
present invention is to provide a semiconductor memory 
device with high density and a method for manufacturing 
the semiconductor memory device including a plurality 
of semiconductor memory cells, sources of which are 
connected to source lines. 

[0037] The above object and other objects of the 
present invention are achieved by a semiconductor 
memory device including a semiconductor substrate, a 
plurality of memory cells arranged on the semiconductor 
substrate in an array which is made up of a plurality of 
rows and columns, each of the memory cells having a 
gate, a drain, and a source, a plurality of word lines, each 
coupled to gates of the memory cells in a corresponding 
row, a plurality of bit lines, each coupled to drains of the 
memory cells in a corresponding column, a plurality of 
isolation regions formed on the semiconductor sub- 
strate and isolating the memory cells, and a plurality of 
source lines, disposed approximately parallel to the 
word lines, and each coupled to sources of the memory 
cells in a corresponding row, wherein each of the source 
lines is made up of a conductive pattern formed on an 
approximately flat region of the semiconductor sub- 
strate. 

[0038] The above object and other objects of the 
present invention are achieved by a method for manu- 
facturing a semiconductor memory device which in- 
cludes an isolation region formed on a semiconductor 
substrate, source and drain diffusion regions formed in 
the semiconductor substrate, a gate oxide film formed 
on the semiconductor substrate between the source and 
drain diffusion regions, a floating gate formed on the 
gate oxide film, and a control gate formed on the floating 
gate via a first insulation film, the method comprising the 
steps of forming an second Insulation film on an ex- 
posed portion of the substrate not covered by the isola- 
tion region and etching the second insulation film to ex- 
pose the source diffusion regions, and forming a corv 
ductor on the exposed source diffusion region. 
[0039] Other objects, features and advantages of the 



present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] 

FIG. 1 is a diagram showing an array of NOR flash 
10 memory cells of a conventional non-volatile semi- 
conductor memory device; 
FIG. 2 is a cross-sectional diagram showing a con- 
figuration of the conventional semiconductor mem- 
ory device, taken along a source line SL of FIG. 1; 
t5 FIG. 3 is a plan view showing a configuration of the 
conventional semiconductor memory device having 
the NOR flash memory cells; 
FIGS. 4A through 4D are diagrams partly showing 
a cross-sectional configuration of the conventional 
20 semiconductor memory device, taken along a line 
A-A' of FIG. 3; 

FIGS. 5A through 5C are diagrams partly showing 
a cross-sectional configuration of the conventional 
semiconductor memory device, taken along a line 

25 D-D' of FIG. 3; 

FIG. 6 is a diagram showing a cross-sectional con- 
figuration of the conventional semiconductor mem- 
ory device, taken along a line B-B' of FIG. 3; 
FIG. 7 is a diagram showing a cross-sectional con- 

30 figuration of the conventional semiconductor mem- 
ory device, taken along a line E-E' of FIG. 3; 
FIG. 8A is a cross-sectional diagram showing a 
source line of the NOR flash memory cells, which 
is formed by using a trench element isolation proc- 

35 ess and a conventional manufacturing method, and 
FIG. 88 is a cross-sectional diagram showing a 
semiconductor memory device disclosed in Japa- 
nese Laid-open Patent Application No. 2-833030; 
FIG. 9 is a plan view showing a configuration of a 

40 semiconductor memory device including NOR flash 
memory cells according to a first embodiment of the 
present invention; 

FIGS. 10A through 10D are diagrams showing a 
cross-sectional configuration of the semiconductor 
45 memory device of the first embodiment, taken along 
a line A-A' of FIG. 9; 

FIGS. 11 A through 11 C are diagrams showing a 
cross-sectional configuration of the semiconductor 
memory device of the first embodiment, taken along 
50 a line D-D' of FIG. 9; 

FIG. 12 is another diagram showing a cross-sec- 
tional configuration of the semiconductor memory 
device of the first embodiment, taken along the line 
D-D' of FIG. 9; 

55 FIG. 1 3 is a diagram showing a cross-sectional con- 
figuration of the semiconductor memory device of 
the first embodiment, taken along a line B-B' of FIG. 
9; 



4 



7 



EP 1 073 121 A2 



8 



FIG. 14 is a diagram showing a cross-sectional con- 
figuration of the semiconductor memory device of 
the first embodiment, taken along a line C-C* of FIG. 
9; 

FIG. 1 5 is a diagram showing a cross-sectional con- 5 
figuration of the semiconductor memory device of 
the first embodiment, in a case where a transistor 
and the NOR flash memory cells are formed on one 
silicon semiconductor substrate thereof; 
FIGS. 16A through 16C are diagrams showing a 
cross-sectional configuration of the semiconductor 
memory device of a second embodiment, taken 
along the line D-D' of FIG. 9; 
FIG. 17 is another diagram showing a cross-sec- 
tional configuration of the semiconductor memory i5 
device of the second embodiment, taken along the 
line D-D* of FIG. 9; and 

FIG. 18 is another diagram showing a cross-sec- 
tional configuration of the semiconductor memory 
device of the second embodiment in a case of using 20 
a SOI (silicon on insulator) semiconductor sub- 
strate, taken along the line D-D' of FIG. 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 25 

[0041] With reference to the drawings, a description 
will be given below of preferred embodiments of the 
present invention. 

[0042] First, a description will be given of a semicon- 30 
ductor memory device according to a first embodiment 
of the present invention, by referring to FIG. 9. 
[0043] FIG. 9 is a plan view showing a configuration 
of the semiconductor memory device of the first embod- 
iment. As shown in this diagram, the semiconductor 35 
memory device includes a silicon semiconductor sub- 
strate 101 (not shown), on which a plurality of NOR flash 
memory cells, a plurality of trench element isolation re- 
gions 104. a plurality of bit lines BL, and a plurality of 
word lines WL are arranged. ^0 
[0044] The NOR flash memory cells are arranged on 
the silicon semiconductor substrate 101 in an array 
which is made up of a plurality of rows and columns, 
each of the memory cells having a gate G, a drain Dp 
and source S. 
[0045] Each of the word lines WL is coupled to gates 
G of the memory cells in a corresponding row. Each of 
the bit lines BL is coupled to drains DR of the memory 
cells in a corresponding column. The trench element 
isolation regions 104 formed on the semiconductor sub- so 
strate 101 such that they are parallel with each other 
and in predetermined intervals, serving to isolate the 
memory cells. The source lines SL are disposed approx- 
imately parallel to the word lines WL and are each cou- 
pled to sources S of the memory cells in a corresponding ss 
row. Each of the source lines SL is made up of a con- 
ductive pattern formed on an approximately flat region 
of the semiconductor substrate. 



[0046] Also, the bit lines BL are arranged In a direction 
in which the trench element isolation regions 104 are 
arranged. The word lines WL are arranged in a direction 
approximately vertical to the trench element isolation re- 
gions 104 and the bit lines BL. 

[0047] FIGS. IDA through 10D are diagrams showing 
a cross-sectional configuration of the semiconductor 
memory device of the first embodiment, taken along a 
line A-A* of FIG. 9, the word line WL. 
[0048] As shown in FIG. 10A, on the silicon semicon- 
ductor substrate 101 , a pad oxide film 102 with a thick- 
ness of approximately 25 nm is formed by means of a 
thermal oxidation process, which may be performed at 
900°C for example. On the pad oxide film 102, a silicon 
nitride film 103 with a thickness of approximately 170 
nm is stacked by the Chemical Vapor Deposition (CVD) 
process. And then, by using the lithography and etching 
techniques, the silicon nitride film 103 is patterned and 
etched so as to remain on element regions alone. 
[0049] As shown in FIG. 10B, the silicon semiconduc- 
tor substrate 1 01 is etched to form a plurality of trenches 
thereon each with a depth of approximately 400 nm by 
using the silicon nitride film 103 as a mask. The etched 
trenches are filled with an oxide film having a thickness 
of approximately 1000 nm by means of the CVD proc- 
ess. And then, the oxide film is buried into the etched 
trenches by employing a Chemical Mechanical Polish 
(CMP) process to polish a surface thereof, so that the 
trench element isolation regions 104 Is formed. After 
that, the silicon nitride film 103 and the pad oxide film 
102 are removed therefrom. 

[0050] As shown in FIG. IOC, a tunnel insulation film 
105 with a thickness of approximately 10 nm is formed 
on the silicon semiconductor substrate 101 by means of 
the thermal oxidation process. And then, a polysilicon 
film 106 with a thickness of approximately 100 nm is 
stacked as a floating gate on the tunnel insulation film 
105 by means of the CVD process. After that, the poly- 
silicon film 106 is doped with phosphorus until resistivity 
thereof reaches to approximately 300Q/cm. In addition, 
at this time, an amorphous silicon film, which is doped 
by phosphorus, may be used instead of the polysilicon 
film 106. 

[0051] Next, by means of the lithography and etching 
techniques, the polysilicon film 106 is patterned Into a 
stripped pattern for covering element forming regions. 
[0052] As shown in FIG. 10D, an ONO film 107 for 
combining capadtance of the floating gate and a control 
gate may be formed such that an oxide film with a thick- 
ness of approximately 10 nm is formed by means of the 
CVD process, a silicon nitride film with a thickness of 
approximately 10 nm is stacked on the an oxide film, 
and an oxide film with a thickness of approximately 4 
nm is further stacked on the silicon nitride film by means 
of the thermal oxidation process which may be per- 
formed at 950°C for example. 

[0053] After that, on the ONO film 107, a polysilicon 
film 108 with a thickness of approximately 120 nm is 
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stacked as the control gate by means of the CVD proc- 
ess. The polysilicon film 108 is doped with the phospho- 
rus until resistivity thereof reaches to approximately 60 
li/cm. In addition, at this time, the amorphous silicon 
film, which is doped by phosphorus, may be used in- 5 
stead of the polysilicon film 108. 
[0054] On the polysilicon film 1 08, a WSI film 1 09 with 
a thickness of approximately 150 nm is stacked. And on 
the WSi film 109, a silicon nitride oxide film 111 with a 
thickness of approximately 100 nm Is further stacked. 
The silicon nitride oxide film 111 serves as an anti-re- 
flection film in exposure at the time of resist patterning. 
[0055] FIGS. IIAthrough 11C. on the other hand, are 
cross-sectional diagrams showing a configuration of the 
semiconductor memory device of the first embodiment, 
taken along a line D*D' in the bit line BL of FIG. 9. 
[0056] As shown in FIG. 11A, resist (not shown) in a 
pattern extending in a direction intersecting a pattern of 
the trench element isolation region 104 shown in FIG. 9 
is applied thereon. Then, the silicon nitride oxide film 
111, the WSi film 109. and the polysilicon film 108 are 
etched in order by using the resist as a mask. 
[0057] Thereby, the word line WL connected to the 
control gates of the semiconductor memory cells MC is 
thus formed. After that, a stacked gate electrode Is 
formed by using the silicon nitride oxide film 111 as a 
mask to etch the ONO film 107 and the polysilicon film 
106. 

[0058] Then, by performing a self-aligned ion implan- 
tation for the stacked gate, impurities are implanted into 
the silicon semiconductor substrate 101. and the ther- 
mal process is performed half an hour in a nitrogen at- 
mosphere of, for example, approximately 900**C. There- 
by, a source diffusion region 112 and a drain diffusion 
region 11 3 are thus formed. In addition, the above-men- 
tioned ion Implantation Is performed such that, for ex- 
ample, AS^ ions are accelerated with the energy of 60 
KeV and then irradiated Into the silicon semiconductor 
substrate 101 by a dose of 4 x 10^^ jons/cm^. 
[0059] It should be noted that a width of the drain dif- 
fusion region 113 in a direction along the trench element 
isolation region 104 is equal to or broader than that of 
the source diffusion region 112. 
[0060] Then, on the silicon nitride oxide film 11 , a sil- 
icon oxide film 11 4 with a thickness of a pproximately 1 00 
nm is stacked by means of the CVD process, and the 
source diffusion region 112 is exposed by means of the 
lithography technique. Therefore, resist 115 covering 
the drain diffusion region 113 is patterned. In addition, 
it can be also considered that a nitride film may be 
stacked instead of the silicon oxide film 114. 
[0061] As shown in FIG. 11 B. by performing anisotro- 
py etching and removing the resist 115, the silicon oxide 
film 114 is formed as a side wall spacer on the source 
diffusion region 112 by means of the self-aligned proc- 
ess. In addition, at this time, the silicon nitride oxide film 
11 serves as an etching stopper. 
[0062] As shown In FIG. 11 C. a conductive polysilicon 



film 116a with a thickness of approximately 120 nm and 
a conductive WSi film 116b with a thickness of approx- 
imately 15 nm are stacked on the source diffusion region 
112. And then, by means of the lithography and etching 
techniques, the resist 115 is patterned and etched so 
that the source line SL can be formed as shown in FIG. 
9. Since the side wall spacer formed by the silicon oxide 
film 114 serves as an insulation film, the word line WL 
and the source line SL are electrically insulated from 
each other. 

[0063] In addition. It goes without saying that a metal 
film may be used instead of the polysilicon film 11 6a and 
the WSi film 116b. 

[0064] FIG. 12 is another diagram showing a cross- 
sectional configuration of the semiconductor memory 
device of the first embodiment, taken along the D-D' line 
of FIG. 9. 

[0065] As shown in this diagram, a silicon oxide film 
117 with a thickness of approximately ICQ nm and a 
BPSG film 118 with a thickness of approximately 900 
nm are stacked thereon by means of the CVD process. 
Then, resist (not shown) for forming a contact hole 119 
is applied thereon and then is patterned and etched so 
that the contact hole 119 can be formed. 
[0066] After that, aluminum films are stacked thereon 
by means of a spattering process and is patterned into 
the bit line BL. 

[0067] FIG. 1 3 is a diagram showing a cross-sectional 
configuration of the semiconductor memory device of 
the first embodiment, taken along a line B-B' of FIG. 9. 
[0068] As shown in this diagram, the trench element 
isolation region 104 and the drain diffusion region 113 
are stacked on the silicon semiconductor substrate 101 . 
The silicon oxide films 114, 117 and the BPSG film 118 
are further stacked on the trench element isolation re- 
gion 104 and the drain diffusion region 112. After that, 
the contact hole 119 is opened, and thereby the alumi- 
num wiring film is formed as the bit line BL. 
[0069] FIG. 14 is a diagram showing a cross-sectional 
configuration of the semiconductor memory device of 
the first embodiment, taken along a line C-C of FIG. 9. 
[0070] As shown in this diagram, the trench element 
isolation region 104 and the source diffusion region 112 
are flat formed on the silicon semiconductor substrate 
1 01 . The polysilicon film 1 1 6a and the WSi film 1 1 6b are 
stacked on the trench element Isolation region 104 and 
the source diffusion region 112. Further, the silicon oxide 
film 117 and the BPSG film 118 are stacked on the WSi 
film 116b. Thus, the bit line BL is fonned. 
[0071] In addition, after the above described process- 
es are completed, the metal wiring Is performed, which 
is the same as that of the common MOS integrated cir- 
cuit, and then a surface protecting insulation film is 
fonned thereon. Thus, the semiconductor memory de- 
vice of the first embodiment Is manufactured. 
[0072] Next, a description will be given below of a 
semiconductor memory device according to a second 
embodiment of the present invention, by referring to 
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FIGS. 10A through 10D, FIG. 16 and FIG. 17. 
[0073] As shown in FIG. 10A, on the silicon semicon- 
ductor substrate 1 01 , the pad oxide film 102 with a thick- 
ness of approximately 25 nm is formed by means of the 
thermal oxidation process performed at, for example, 5 
gOO^'C. On the pad oxide film 102, the silicon nitride film 
1 03 with a thickness of approximately 1 70 nm is stacked 
by means of the Chemical Vapor Deposition (CVD) proc- 
ess. And then, by using lithography and etching tech- 
niques, the silicon nitride film 103 is patterned and 
etched so as to remain on element regions alone. 
[0074] As shown in FIG. 106, the silicon semiconduc- 
tor substrate 101 is etched to form a plurality of trenches 
with a depth of approximately 400 nm by means of the 
silicon nitride film 103 used as a mask, and the etched 
trenches are stacked with an oxide film having a thick- 
ness of approximately 1000 nm by means of the CVD 
process. Then, the oxide film has its surface polished 
by means of the Chemical Mechanical Polish (CMP) 
process so as to be buried in the etched trenches to form 
the trench element isolation regions 104. After that, the 
silicon nitride film 103 and the pad oxide film 102 are 
removed therefrom. 

[0075] As shown in FIG. 1 0C, the tunnel insulation film 
105 with a thickness of approximately 10 nm Is formed 
on the silicon semiconductor substrate 101 by means of 
the thermal oxidation process. After that, the polysilicon 
film 106 with a thickness of approximately 100 nm Is 
stacked as a floating gate on the tunnel insulation film 
105 by means of the CVD process. And then, the poly- 
silicon film 106 Is doped with the phosphorus until resis- 
tivity thereof reaches to approximately 300 O/cm. In ad- 
dition, at this time, the amorphous silicon film, which is 
phosphorus-doped, may be used instead of the polysil- 
icon film 106. 

[0076] Next, by employing the lithography and etching 
techniques, the polysilicon film 106 is patterned into a 
stripped pattern so as to cover the element forming re- 
gions. 

[0077] As shown in FIG. 10D, the ONO film 107 for 
combining capacitance of the floating gate and the con- 
trol gate may be formed such that an oxide film with a 
thickness of approximately 10 nm is formed by means 
of the CVD process, the silicon nitride film with a thick- 
ness of approximately 10 nm is stacked on the an oxide 
film, and the oxide film with a thickness of approximately 
4 nm is further stacked on the silicon nitride film by 
means of the thermal oxidation process performed at, 
for example, 950*'C. 

[0078] After that, the polysilicon film 1 08 with a thick- 
ness of approximately 120 nm is stacked thereon as the 
control gate by means of the CVD process. The polysil- 
icon film 108 is doped with the phosphorus until resis- 
tivity thereof reaches to approximately 60n/cm. In addi- 
tion, at this time, the amorphous silicon film which is 
phosphorus-doped may be used Instead of the polysili- 
con film 108. 

[0079] On the polysilicon film 108, the WSi film 109 



with a thickness of approximately 1 50 nm is formed. And 
on the WSI film 109, the silicon nitride oxide film 111 with 
a thickness of approximately 100 nm is formed. The sil- 
icon nitride oxide film 111 serves as the anti-reflection 
film In exposure at the time of the resist patterning. 
[0080] FIGS. 16A through 16C are, on the other hand, 
cross-sectional diagrams showing a configuration of the 
semiconductor memory device of the second embodi- 
ment, taken along the line D-D' In FIG. 9. 
[0081] As shown in FIG. 16A, resist (not shown) in a 
pattern extending in a direction intersecting a pattern of 
the trench element isolation region 104 shown in FIG. 9 
is applied thereon. The resist is used as a mask so that 
the silicon nitride oxide film 111, the WSi film 109. and 
the polysilicon film 108 are etched in order. 
[0082] Thereby, the word line WL connected to the 
control gate of the semiconductor memory cell MC is 
thus formed. After that, the ONO film 107 and the poly- 
silicon film 106 are etched by means of the silicon nitride 
oxide film 111 used as a mask so that the stacked gate 
electrode is formed. 

[0083] Then, by performing the self-aligned ion im- 
plantation for the stacked gate, Impurities are implanted 
into the silicon semiconductor substrate 101, and the 
thermal process Is performed half an hour In the nitrogen 
atmosphere of. for example, approximately 900°C. 
Thereby, the source diffusion region 112 and the drain 
diffusion region 113 are formed. 
[0084] In addition, the above-mentioned ion implan- 
tation is performed such that, for example, AS"^ ions are 
accelerated with the energy of 60 KeV and then are ir- 
radiated into the silicon semiconductor substrate 101 by 
a dose of 4 x 10^5 ions/cm^. 

[0085] Also. It should be noted that the width of the 
drain diffusion region 113 in the direction along the 
trench element isolation region 104 is equal to or broad- 
er than that of the source diffusion region 112. 
[0086] After the silicon oxide film 114 with a thickness 
of approximately 100 nm is stacked by means of the 
CVD process, the resist 11 5 is patterned so as to expose 
the source diffusion region 112 by means of the lithog- 
raphy technique and to form the contact hole 119 on the 
drain diffusion region 113. 

[0087] In addition, it is also considered that a nitride 
film may be stacked instead of the silicon oxide film 114. 
[0088] As shown In FIG. 16B, by performing the etch- 
ing process and removing the resist 115, the silicon ox- 
ide film 1 1 4 is formed as a side wall spacer on the source 
diffusion region 112 by means of the self-aligned proc- 
ess, and the contact hole 119 is formed on the drain dif- 
fusion region 113. 

[0089] In addition, at this time, the silicon nitride oxide 
film 11 serves as the etching stopper. 
[0090] As shown in FIG. 16C, for example, a titanium 
film 120 with a thickness of about 30 nm, a nitride tita- 
nium film 121 with a thickness of about 50 nm, and a 
tungsten layer 122 with a thickness of approximately 
400 nm are stacked on both the source diffusion region 
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112 and the drain diffusion region 113. 
[0091] And then, by using the lithography and etching 
techniques, the resist is patterned and the stacked films 
are etched so that the source line SL is formed and the 
plug is buried on the drain diffusion region 113. Then, 
since the side wall spacer formed from the silicon oxide 
film 114 is the insulation film, the word line WL and the 
source line SL are electrically insulated from each other. 
[0092] Furthermore, as shown in FIG. 17, the silicon 
oxide film 117 with a thickness of about 100 nm and the 
BPSG film 118 with a thickness of about 900 nm are 
stacked thereon by means of the CVD process. After 
that, the resist (not shown) used for forming the contact 
hole 1 1 9 is patterned and the above-mentioned films are 
etched so that the contact hole 119 can be formed as 
shown in FIG, 17. 

[0093] Then, the aluminum films are stacked by using 
the spattering process and patterned so that the bit line 
BL is formed. 

[0094] In addition, after the above described process- 
es are completed, the metal wiring is performed in the 
same way as that on the common MOS integrated cir- 
cuit, and then the surface protecting insulation film is 
formed. Finally, the semiconductor memory device of 
the second embodiment is thus manufactured. 
[0095] Moreover, the above-mentioned silicon semi- 
conductor substrate 101 may be the SOI semiconductor 
substrate. In a case of using such an SOI semiconductor 
substrate, the semiconductor memory device can oper- 
ate with higher speed because parasitic capacitance is 
reduced. 

[0096] FIG. 18 is another diagram showing a cross- 
sectional configuration of the semiconductor memory 
device of the second embodiment in a case of using the 
SOI semiconductor substrate, taken along the line D-D* 
of FIG. 9. 

[0097] The previously described configuration can im- 
prove performance of the semiconductor memory de- 
vice in accordance with the present invention, where 
logic circuits can be provided on the silicon semiconduc- 
tor substrate 101 . FIG. 15 is a diagram showing a cross- 
sectional configuration of the semiconductor memory 
device in accordance with the present invention. As 
shown in this diagram, the NOR flash memory cell in 
accordance with the present invention is provided on the 
silicon semiconductor substrate 101, as well as a tran- 
sistor including a gate TG, a source diffusion region TS 
and a drain diffusion region TO. 
[0098] As previously described, according to the 
method for manufacturing the semiconductor memory 
device in accordance with the present invention, the 
NOR flash memory can be easily manufactured even in 
the case of employing the trench element Isolation proc- 
ess. 

[0099] Further, the semiconductor memory device in- 
cluding the NOR flash memory cells with high density 
can be obtained by the method of the present invention. 
[0100] The above description Is provided in order to 



enable any person skilled in the art to make and use the 
Invention and sets forth the best mode contemplated by 
the inventor for carrying out their invention. 
[0101] Although the present invention has been de- 

5 scribed in terms of various embodiments, it is not intend- 
ed that the invention be limited to these embodiments. 
Modification within the spirit of the invention will be ap> 
parent to those skilled in the art. 
[0102] The present application is based on Japanese 

10 priority application No. 11-215601 filedon July 29, 1999, 
the entire contents of which are hereby incorporated by 
reference. 



15 Claims 

1 . A semiconductor memory device comprising: 

a semiconductor substrate; 
20 a plurality of memory cells arranged on said 

semiconductor substrate in an array which is 

made up of a plurality of rows and columns. 

each of said memory cells having a gate, a 

drain, and a source; 
25 a plurality of word lines, each coupled to gates 

of the memory cells in a con-esponding row; 

a plurality of bit lines, each coupled to drains of 

the memory cells in a corresponding column; 

a plurality of isolation regions formed on said 
30 semiconductor substrate and isolating the 

memory cells; and 

a plurality of source lines, disposed approxi- 
mately parallel to said word lines, and each 
coupled to sources of the memory cells in a cor- 
35 responding row; 

wherein each of said source lines is made up 
of a conductive pattern formed on an approximately 
flat region of said semiconductor substrate. 

40 

2. The semiconductor memory device as claimed in 
claim 1 . wherein: 

said source is formed from a source diffusion 

45 region; 

said drain is formed from a drain diffusion re- 
gion formed between said isolation regions and 
positioned on the opposite side of said gate to 
said source; and 

50 said drain diffusion region has a width along 

said isolation regions, sard width being equal to 
a width of said source diffusion region. 

3. The semiconductor memory device as claimed in 
55 claim 1 , wherein: 

said source is formed from a source diffusion 
region; 
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said drain is formed from a drain diffusion re- 
gion formed between said isolation regions and 
positioned on the opposite side of said gate to 

said source; and 

said drain diffusion region has a width along 
said Isolation regions, said width being boarder 
than a width of said source diffusion region. 

4. The semiconductor memory device as claimed in 
claim 1 , wherein said semiconductor memory cells 
are non-volatile semiconductor memory cells. 

5. The semiconductor memory device as claimed in 
claim 4, wherein said non-volatile semiconductor 
memory cells are NOR-type flash memory cells. 

6. The semiconductor memory device as claimed in 
claim 1 . wherein said conductive pattern is integral- 
ly formed for said source line. 

7. The semiconductor memory device as claimed in 
claim 1, wherein said conductive pattern is formed 
between side walls of the adjacent gates of said 
semiconductor memory cells. 

8. The semiconductor memory device as claimed In 
claim 4, wherein each of said non-volatile semicon- 
ductor memory cells includes: 

a tunnel insulation film formed on said semicon- 
ductor substrate; 

a floating gate formed on said tunnel insulation 

film; 

a control gate formed on said floating gate; and 
a nitride film formed on said control gate. 

9. The semiconductor memory device as claimed in 
claim 8. wherein said floating gate and said control 
gate are made up of polysilicon doped with phos- 
phorus or amorphous silicon. 

10. The semiconductor memory device as claimed in 
claim 1 , wherein said semiconductor substrate is an 
SOI semiconductor substrate. 

11. The semiconductor memory device as claimed in 
claim 1 , further comprising a logic circuit fomned on 
said semiconductor substrate. 



ductor substrate between the source and drain dif- 
fusion regions, a floating gate formed on the gate 
oxide film, and a control gate fomned on the floating 
gate via a flrst insulation flim, said method compris* 
5 ing the steps of: 

(a) forming a second insulation film on the sub- 
strate and etching said second insulation film 
to expose the source diffusion region; and 
10 (b) forming a conductor on the exposed source 

diffusion region. 

14. The method as claimed in claim 13, further compris- 
ing the step of forming said source and drain diffu- 

15 sion regions by diffusing impurities in a self align- 
ment process, where said control gate Is used as a 
mask. 

15. The method as claimed in claim 13, wherein said 
20 step (a) uses said floating gate and said control gate 

as a part of a mask in an etching process, where 
side wall spacers are formed on said floating gate 
and said control gate in a self alignment process. 

25 16. The method as claimed in claim 15. wherein said 
side wall spacers are oxide films or nitride films. 

17. The method as claimed in claim 15, further compris- 
ing a step of stacking a nitride film on said control 

30 gate. 

1 8. The method as claimed in claim 1 3. further compris- 
ing the steps of: 

35 (c) fonming a contact hole in said drain diffusion 

region after insulation films are stacked on said 
semiconductor substrate between said isola- 
tion regions; and 

(d) forming a conductor on said exposed source 
40 diffusion region and a plug in said contact hole 

on said drain diffusion region. 

19. The method as claimed in claim 18. wherein said 
step (d) forms said conductor and said plug In one 

45 process. 



12. The semiconductor memory device as claimed in so 
claim 1. wherein said source line is made up of a 
metal or silicide. 



13. A method for manufacturing a semiconductor mem- 
ory device which includes an isolation region 55 
formed on a semiconductor substrate, source and 
drain diffusion regions formed in the semiconductor 
substrate, a gate oxide film formed on the semicon- 
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